The bactericidal activity and the chemical and physical characteristics of lipid fractions of extracts from organs of normal mice and guinea pigs have been described previously. The present study describes the effects of commercially prepared fatty acids which are representative of those found in the extracts. Saturated fatty acids with 12, 14, and 16 carbon atoms and unsaturated fatty acids with more than one double bond were the most effective in killing Pasteurella pestis. Tweens 20 and 80, Spans 40 and 80, and some of the methyl esters of the fatty acids did not strongly inhibit P. pestis. It was concluded, therefore, that both the length of the carbon chain and the presence of the carboxyl group of the free fatty acids were important in their effects on P. pestis. Neither the very active lauric acid nor the relatively inactive oleic acid appeared to severely alter the morphology of P. pestis. Supernatant fluids from incubated mixtures of sodium laurate or sodium oleate and cells did not contain significantly greater concentrations of proteins or nucleic acids than did the controls. These observations do not preclude an alteration of the permeability of the cell walls.
Preparation of the salts of the fatty acids. The sodium and potassium salts of the acids were prepared by adding sufficient sodium or potassium hydroxide to satisfy the acid equivalences. The acid values were obtained from Spector (7) . The bases and fatty acids were heated in water until saponification was complete. The salts were dried in vacuum and weighed as required, dissolved in water, and filtered.
Purified fatty acids were precipitated from solutions of the salts by use of 0.1 N HCl. The supernatant fluid was removed, and the precipitates were dissolved in chloroform. The solution was washed in a separatory funnel with water. The chloroform was evaporated in vacuum at 50 C; the fatty acids were weighed as required and were treated as described below.
Test of anitibacterial activity. Procedures for testing the antibacterial activity of APF were modified from those described by Eisler and von Metz (3) , because the fatty acids and their esters are insoluble in water. The saturated fatty acids and methyl esters were suspended in 0.5c% gelatin in water and were autoclaved at 15 psi for 10 to 15 min. Unsaturated fatty acids were prepared in this way and also by heating briefly in 0.5% gelatin in water over a flame. The mixtures were homogenized while warm with a Vortex mixer. The suspensions were stable at 35 C when the fatty acids did not exceed 0.5 mg/ml. Upon addition to double-strength Heart Infusion Broth (HIB; Difco), the pH of the various mixtures was 7.2 to 7.5. Stock solutions of Tweens 20 and 80 were sterilized by filtration (Millipore Corp., Bedford, Mass.); those of Spans 40 and 80 were sterilized by autoclaving. To various concentrations of fatty acid-gelatin mixture in water (1.6 ml) were added 2 ml of double-strength HIB and 0.4 ml of a 10-5 dilution of a 24-hr broth culture of P. pestis strain Poona. The number of organisms in the inocula varied from 103 to 4 X 103 per ml. The Photographs. Mixtures of HIB, organisms (107/ml), and lauric acid (0.5 mg/ml) were prepared in replicate and were incubated at 35 to 36 C. At 0, 1, and 2 hr, 0.02 ml of the mixtures were placed on # 1 coverslips and freeze-dried for 1 hr at a pressure 50 of Hg. The organisms were stained by Wayson's method (11) and photographed.
Leakage of material from P. pestis treated with fatty acids. Samples (5-ml) of a 24-hr culture of avirulent P. pestis strain E.V. 76 (3.6 X 109 organisms/nil) were centrifuged at 17,300 X g for 30 min, and the supernatant fluid was discarded. The organisms were resuspended to original volume in 0.05 M potassium phosphate buffer with 0.5% sodium chloride (pH 7.6) and were centrifuged. The supernatant fluid was discarded, and the process was repeated. The organisms were finally suspended in either phosphates-buffered saline solution, the solution containing 0.5 mg/ ml of sodium laurate, or the solution containing 0.5 mg/mi of sodium oleate. Blanks consisted of solutions of soaps alone. Blank and test suspensions were incubated at 35 C for 21 hr and then were centrifuged. The ultraviolet absorption characteristics of the supernatant solutions were determined with the Beckman DK-1 spectrophotometer. Protein and nucleic acid concentrations were determined from the nomograph devised by E. Adams, which is based on the findings of Warburg and Christian (14) and which is distributed by Calbiochem, Los Angeles, Calif.
RESULTS
Antibacterial activity of fatty acids. Table 1 shows that the saturated fatty acids with 12, 14, and 16 carbon atoms were more inhibitory at 35 C than those with shorter or longer carbon chains. The unsaturated fatty acids with two and three double bonds were more effective than oleic acid. To determine the effects of refrigeration, replicate tubes were prepared and stored at 0 to 4 C for 48 hr. Samples were removed at 0, 24, and 48 hr and were tested for viable organisms. In all cases, except with lauric acid which was active at 4 C, P. pestis remained viable, and the recovery of organisms was comparable to that of the original inoculum. When the tubes were removed from the refrigerator and incubated at 35 C for 48 hr, the antibacterial effects of the fatty acids became evident and the results were comparable with those in Table 1 . The antibacterial effects of fatty acids were dependent upon the temperature at which the mixtures were held.
Since commercially prepared fatty acids might contain impurities responsible for their antibacterial activity, we reprecipitated them from aqueous solutions of sodium salts. Thus, watersoluble impurities, if any, should have been removed, but not the chloroform-soluble impurities. The antibacterial activities of the reprecipitated fatty acids were comparable with those reported in Table 1 . The techniques of viability assays insured some carry-over of fatty acids from test tubes to agar plates so that the continuing activity of acid was possible. To test this point, fatty acid-treated P. pestis was cultured on BAB ANTI-PASTEURELLA PESTIS FACTOR with 3%O human blood and on BAB with 0.5% starch. Since both blood (1) and starch (4) bind free fatty acids, they should eliminate any bacteriostatic effects of the residual fatty acids. Neither blood nor starch reversed the effects of lauric or myristic acids on P. pestis. Therefore, it was concluded that the actions of the fatty acids were bactericidal and not merely bacteriostatic. Furthermore, mice survived intraperitoneal inoculation with 2 X 103 P. pestis cells, which had been incubated at 37 C for 48 hr with 0.5 mg of lauric or myristic acids per ml. The LD5 with untreated P. pestis strain Poona was 3 to 5 viable cells; therefore, it was concluded that the fatty acids were bactericidal.
The effect of selected fatty acids at 0.5 mg/ml on increasing concentrations of P. pestis are shown in Table 2 . In these experiments, lauric acid killed 3.6 X 105 organisms/ml in 24 hr, and, in another experiment, 3 .5 x 108. The apparently rapid action of lauric acid, as shown by the small number of viable cells at 0 hr, was not observed in other experiments (Table 3) . No explanation is Tables 1 and 4 .
Mixtures of fatty acids. Table 7 shows the effects of mixtures of pairs of the major fatty acids which were found in approximately equal concentration in mouse liver APF (2 (Fig. iB) . Figure 1C shows the effect of treatment with lauric acid for 2 hr at 35 C. The organisms were fewer and appeared intact, although they Ley and Mueller (6) found that oleic or stearic acids, in low concentrations, inhibited the growth of N. gonorrhoeae. Spector (10) inhibited the growth of Escherichia coli with mixed acids from butter fat or corn oil. Pollock (9) inhibited Haemophilus pertussis with oleic, linoleic, and linolenic acids. Undoubtedly, other gram-negative organisms are susceptible.
As reported here, P. pestis was inhibited by both saturated and unsaturated fatty acids. Of those investigated, the saturated acids containing less than 12, or more than 16, carbon atoms were relatively inactive. The unsaturated acids containing two or three double bonds were more active than oleic acid. These observations on the influence of carbon chain length and degree of unsaturation in relation to antibacterial activity are consistent with the findings of others in respect to fatty acids (8) and in respect to other surface-active agents (12) .
With the exception of the activities of the sodium and potassium salts of lauric, myristic, a Oleic acid (0.5 mg/ml) in HIB to which the separate fatty acids were added to the final concentration indicated.
b No viable cells in 0. (2) found that wheat germ and pancreatic lipases inhibited the activity of extracts of APF and therefore concluded that the activity was due to lipids. Since lipases split triglycerides to free fatty acids, it was difficult, in view of the data in Tables 1 to 3 , to understand why fatty acids liberated from APF would be inactive.
Determinations of the fatty acid composition of chloroform extracts of APF (2) showed relatively high concentrations of stearic (14.8%) and oleic (12.1%) acids. Upon liberation from triglycerides by treatment with lipases, these fatty acids may inhibit the activity of both free and simultaneously liberated lauric, myristic, and palmitic acids. This may explain the observed inhibition of antibacterial activity by lipase, which was the basis for stating that activity resided in the lipid fraction of APF. On the other hand, we have no explanation why the stearic and oleic acids in APF do not inhibit its activity.
